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(54) Optical network traffic protection system 

(57) A failure detector (31), connected to receive a signal (DS1, DS2, DS3) from an interface lower level than 
the SONET level, detects a failure In that Interfece, such as a fiber cut or the loss of signals. An Alarm 
Indication Signal (AIS) generator (32) is responsive to the detection of a failure by the failure detector to 
generate an AIS at the SONET level (STS and VT levels). A signal processing circuit (33) converts a low-level 
signal from the interface to a SONET-level signal. When receiving the SONET-level AIS from the AIS generator, 
the signal processing circuit Inserts it onto the SONET-level signal for application to SONET Add/Drop 
Multiplexers (ADMs). 

In a network which comprises multiple SONET path protection switching (PPS) rings that are connected 
together with interfaces at a level lower than the SONET level, such an arrangement can enable path switching 
to be triggered effectively even in the event of failures in the interfaces, thereby promoting the preservation of 
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NETWORK TRAFFIC PROTECTION SYSTEM 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a network in which 
5 path protection switching rings (hereinafter referred to 
as PPS rings) in a synchronous optical network (SONET) 
are interconnected with interfaces at a lower level than 
the SONET level. More specifically, the present 
invention relates to a method and device which provide 
10 survivability of traffic or signals by triggering path 
switching in the event of a failure in such a network - 
2. Description of the Related Art 
When SONET PPS rings, for instance, access PPS 
rings, are connected together to set up a network, they 
15 may be linked by means of signals at lower levels than 
the SONET level, e.g., DSn (DS: Digital Signal, n = 1, 
2, 3). 

FIG. 1 shows a general structure of multiple PPS 
rings that are connected together. As shown in FIG. 1, 
20 first and second PPS rings 1 and 2 are connected 

together by two physically different serving nodes, 
i.e., a first serving node 3 and a second serving node 
4. Each of the first and second serving nodes 3 and 4 
provides signal paths between the rings. It is assumed 
25 that, in a given hierarchical network, the first PPS 
ring 1 operates at a higher speed than the second PPS 
ring 2. This configuration is intended to provide 
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survivability of traffic (e-g., DS1/DS3 services) 
passing between the rings 1 and 2 against a serving node, 
failure. Any signal passing between the rings 1 and 2 
is protected fully and automatically against the loss of 
a serving node. For survivability of services, 
protection against a failure in a serving node is 
essential in addition to protection against a break in 
the ring. 

FIG. 1 shows how two PPS rings are interconnected 
to provide protection against serving node failures. At 
the top of the PP3 ring 1, channels (e.g., DSl services) 
are transmitted to the designated serving nodes 3 and 4 
via the ring 1. The serving nodes 3 and 4 distribute 
channels to various customers on the ring 2. DSls are 
mapped into 28 x N floating VTs (virtual tributaries) on 
the ring 1. Channel assignments onto the ring 2 are 
made at the serving nodes 3 and 4. ADMs (Add-Drop 
Multiplexers) 5 through 8 in the serving nodes are 
connected with an electrical STS (Synchronous Transport 
Signal) or optical OC-M connection (DC: Optical Carrier) 
to preserve alarms and maintenance signals carried in 
path overhead. In the case of channelized (i.e., VT 
organized) STS-1, the STS-1 is carried on the ring 1 to 
the designated serving nodes and terminated at the 
serving nodes. The STS-1 is then demultiplexed to VT 
signals for channel assignment onto the ring 2. 
Further , higher-speed channels ( e . g . , D3 rate services ) 
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are also delivered directly from the ring 1 to a 
customer termination on the ring 2. 

The PPS ring 1 comprises ADMs 5, 7, 9, 10, and 11, 
while the PPS ring 2 comprises ADMs 6, 8, 12, 13, 14, 
5 and 15. The serving node 3 comprises the ADM 5 on the 
PPS ring 1 and the ADM 6 on the PPS ring 2, which are 
connected together. The serving node 4 comprises the 
ADM 7 on the PPS ring 1 and the ADM 8 on the PPS ring 2, 
which are connected together. 
10 The SONET ADM 10 located at the top of the ring 1 

transmits its VTs in both the clockwise (CW) and 
counterclockwise (CCW) directions. The VT traffic is 
routed to both the serving nodes 3 and 4 via a drop and 
continue feature. The drop and continue feature permits 
15 the same traffic to be routed to the serving nodes 3 and 
4 from the same direction. For instance, CCW traffic is 
dropped off at the SONET ADM 5 and passed to the SONET 
ADM 7. CW traffic is dropped off at the SONET ADM 7 and 
passed to the SONET ADM 5. Thus, with the drop and 
20 continue feature, the continued signal is forwarded like 
a pass-through signal. In this way, at either serving 
node, two signals (one from each direction) are 
available for signal selection. The ADM drop and 
continue feature is expected to be provisionable at the 
25 path level - 

During normal operating conditions (i.e., no ring 
failures), 2:1 selectors in the serving nodes can be set 
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up such that the preferred (or default) signals for 
traffic selection are opposite each other, ensuring that 
a failure in the ring 1 will not cause channel selection 
in both the serving nodes. It is assumed that the PPS 
5 rings are revert ive. At the serving node 3, therefore, 
the 2:1 selector of the SONET ADM 5 selects either the 
CW. or CCW channel received from the ring 1 as the 
dropped signal. This signal is routed as an input to 
the SONET ADM 6. The SONET ADM 6 sends this signal only 

10 in the CCW direction on the ring 2, This implies that a 
2:1 selector is needed only for each channel received 
from the ring 1- The same procedure is performed at the 
second serving node 4, except that the SONET ADM 8 
transmits the pre-selected signal from the SONET ADM 7 

15 only in the CW direction on the ring 2. Traffic 

entering the ring is then routed to only one fiber - 
Thus, this procedure satisfies the PPS ring requirement 
of having duplicate signals in the CW and CCW 
directions . 

20 In the same manner, VT traffic from customers on 

the ring 2 (heading back to the ring 1) is routed to 
both the serving nodes via the drop and continue 
feature. Channel assignments onto the ring 1 are made 
at the serving nodes. The serving nodes transmit their 

25 traffic in only one direction on the ring 1, opposite of 
each other (ADM 5 transmits CW and ADM 7 transmits CCW), 
thus satisfying the PPS ring requirement of having 
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duplicate signals in the CW and CCW directions. 

It is important to emphasize that the operation of 
the serving nodes is symmetrical. The serving node 3 
pair, ADM 5 and ADM 6, serves one of the unidirectional 
5 fibers in each PPS ring. Similarly, the serving node 4 
pair, ADM 7 and ADM 8, serves the other unidirectional 
fiber. With this arrangement, (1) service will continue 
between the rings during loss of the serving node 3 or 
4, including interconnecting links within each serving 

10 node; and (2) there is always a path between the rings 
with the loss of either node. Restoration is automatic 
in the event of a node failure; no rerouting of traffic 
between nodes is necessary. Also, both the rings 1 and 
2 are treated as autonomous, independent rings, which 

15 creates a robust network. This means the ring 1 can 

operate at the STS-1 level, and the ring 2 can operate 
at the VT level. More notably, this configuration can 
survive a simultaneous fiber break in both the ring 
networks without loss of communication between the 

20 rings . 

If, as described above, the SONET PPS rings are 
connected together by signals at lower levels (e.g., 
pSn: n = 1, 2, 3) than the SONET level, the SONET access 
PPS ring may not be connected properly, providing 
25 inadequate protection against a failure, i.e., 

inadequate survivability of signals in the event of a 
failure. 
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That is, in the event that^ when the rings are 
connected by DSn, a break occurs in the ring connection 
location, a VT Path AIS (Alarm Indication Signal) or STS 
(Synchronous Transport Signal) Path AIS, which is at the 
5 SONET level, cannot be sent out. If, when DSn is used 
in the ring connection, a break occurs in the 
connection, DSnAIS will be sent out. In the SONET PPS 
rings, the VT Path AIS or STS Path AIS triggers path 
switching for survivability of traffic. If the rings 
10 are connected by DSn, therefore, the SONET-level PPS 
ring cannot protect traffic because path switching 
cannot be per formed - 

Reference will be made to FIG. 2 to describe the 
survivability of traffic by performing path switching in 
15 the PPS ring at the SONET STS level. 

Here, an example is taken in which the SONET PPS 
ring provides protection against a fiber (cable) cut. 
FIG. 2 shows an example of a PPS ring configuration 
which uses SONET ADMs that add/drop STS-1. For 
20 simplicity, only the drop side is shown. On the ring 
there are provided four SONET STS-1 level ADMs to form 
nodes #1, #2, #3, and #4. Each of these ADMs adds/drops 
three STS-1 signals- That is, a single SONET ADM is 
placed in each of the nodes #1 to #4. Furthermore, it 
25 is assumed that a single STS-1 path exists between SONET 
ADMs. 

During normal operation STS-1 signals are inserted 
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onto first and second fiber rings FBI and FB2. The 
first fiber ring FBI is assumed to be a working ring. 
When a failure occurs in the fiber pair between the 
nodes #1 and #4 as shown, the receiver at node #1 
5 detects the failure, enters a failure state, and 

indicates the alarm condition. A partial, per-line type 
of failure in the PPS ADM is equivalent to the cutting 
of one fiber, which does not disrupt the entire ring. 
The control operation applies to the first and second 
10 fiber rings FBI and FB2. The following description of 
the first fiber ring FBI is applicable to the second 
ring FB2. 

After the SONET ADM node #1 detects the loss of an 
incoming signal or line AIS, it inserts STS path AIS 

15 into all valid path signals- At the drop side of node 
#1 in the dropped direction, the path signal is 
continuously monitored for path AIS- The detection of 
Path AIS in the working path signal at the drop side 
triggers path switching, which causes the 2:1 selector 

20 to select a valid path from the second fiber FB2- Since 
the node #1 is close to the fiber cut location, all its 
2:1 selectors perform path switching. The output of the 
node #1 on the first fiber ring FBI has Path AIS on all 
its path signals, except those added at node #1. At 

25 node #2, the high-speed interface will not detect any 

signal failure because framing is not interrupted. The 
framing pattern at the output of node #1 is required to 



BNSDOCID: <GB ^2287596A_I_> 



be valid at all times, which is a basic requirement for 
SONET ADMs- After extracting the dropped signals, the 
2:1 selectors a and b of node #2 detect Path AIS and 
perform path switching. The 2:1 selector c of node #2 
is an interface corresponding to paths between nodes #1 
and #2. The signal in the first fiber ring FBI is not 
affected by the cut; thus, no path switching is 
required. For those paths that propagate through node 
#2, only the 4-3 path (i.e., the path from node #4 to 
node #3) carries Path AIS. Both the 1-3 and 1-4 paths 
that originate from node #1 carry valid data. 

In the PPS ring, the same algorithm is applied to 
node #3. In node #3, only the 4-3 path is required to 
perform path switching. Moreover, the three through 
paths at node #3 are carrying valid data that has been 
inserted onto the ring downstream from the failure 
location. Thus, none of the 2:1 selectors in node #4 is 
required to perform path switching. 

In the ring configuration of FIG. 2, each SONET ADM 
adds and drops STS - NC level signals (e.g., STS - 3C). 
The operation of a ring that adds/drops at the STS - NC 
level is identical to that of the PPS ring at the STS - 
1 level, except the control operation for failure 
recovery is based on the detection of STS - NC Path AIS 
on the STS - NC paths. 

An example of a VT PPS ring consists of SONET ADMs 
that add/drop DSl signals from an OC-N level optical 



- 9 - 

signal. The configuration of a VT PPS ring is identical 
to that of an STS-1 PPS ring. Thus, the description of 
the function of the STS-1 PPS ring is applicable to the 
VT PPS ring. The differences are that path switching is 
5 performed in the VT PPS ring not at the STS-1 level but 
at the VT level and is triggered on a different basis. 
However, VT-level protection can be accomplished 
alternatively by protecting at the higher STS-1 path 
level, similar to line protection switching for all 
10 lower layers (STS/VT). This only applies when no VTs 

are added/dropped to the STS-1 at an intermediate node. 
A VT-level PPS ring is not applicable with the locked VT 
mode of operation. For the locked mode of operation, 
VT-level protection would be provided by protection at 
15 the STS-1 level. 

In this way, path switching is performed at the 
STS/VT level in SONET PPS rings. 

However, if, when DSn, such as DSl, DS3 or the 
like, is used in "the ring connection, a cut occurs in 
20 the ring connection, then DSn AISs will be sent out in 
place of VT Path AISs or STS Path AISs that are SONET 
level AISs. In this case, in the SONET level PPS ring, 
such signal protection path switching as described above 
cannot be performed- 
25 SUMMARY OF THE INVENTION 

It is an object of the present invention to enable 
a network, which comprises multiple SONET PPS rings that 
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are connected together with interfaces at a level lower 
than the SONET level, to trigger path switching 
effectively even in the event of failures in the 
interfaces to thereby provide survivability of signals. 

In the event that a failure occurs in a network in 
which SONET PPS rings are interconnected with interfaces 
at a lower level than the SONET level, a signal 
protection system according to the present invention 
detects an AIS (Alarm Indication Signal), LOS (Loss of 
Signal) or LOF (Loss of Frame) in a low- level interface 
at an input section for low-level signals for the SONET 
ring, converts it to a SONET-level AIS, and triggers 
path ^witching, thereby protecting traffic or signals in 
the network. 

A signal protection arrangement of the present 
invention is placed in an ADM constructing a serving 
node for interconnecting the PPS rings and comprises a 
failure detector, an AIS generator, and a signal 
processing unit. 

The failure detector, connected to receive a signal 
from an interface at a lower level than the SONET level 
such as a DSn interface, detects a failure in the 
interface, such as a cable cut or the loss of signals 
(e.g., AIS, LOS or LOF), and issues a failure detect 
signal to the AIS generator. 

The AIS generator is responsive to the failure 
detect signal from the failure detector to generate a 
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SONET level (STS or VT level) AIS to the signal 
processing circuit. 

The signal processing unit converts a low- level 
signal from the interface to a SONET level signal for 
transmit data. Upon receipt of a SONET AIS from the AIS 
generator, the signal processing unit inserts it onto 
the SONET level signal for application to ADMs on the 
SONET PPS rings. 

Such a signal protection arrangement is installed 
in a section which feeds signals from the low-level 
interface to an ADM serving as one of serving nodes for 
interconnecting the PPS rings with low-level interfaces. 
Upon receipt of a failure detect signal from the low- 
level interface, the ADM performs path switching, 
thereby protecting paths and transmit signals. 

Such a signal protection arrangement is provided 
for each of low-level-interface-connected ADMs serving 
as the serving nodes. The serving nodes typically form 
in pairs a PPS ring connection. 

When the low-level interface is DSl, a VT path AIS 
is generated based on a failure in a DSl signal (AIS, 
LOS or LOF). When the low-level interface is DS2, a VT 
path AIS is generated based on a failure in a DS2 
signal. When the interface is DS3, an STS path AIS is 
generated based on a failure in a DS3 signal. 

By generating and. adding a SONET level AIS, i.e., a 
VT path AIS (in the case of DSl or DS2 signals) or an 
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STS path AIS (in the case of DS3 signals), when an input 
interruption or other failures are detected at a low- 
level interface signal input section, the network signal 
protection system of the present invention provides 
suzv-ivability of signals against any node failure or 
other failures in the PPS rings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
become apparent during the following discussion in 
conjunction with the accompanying drawings, in which: 

FIG. 1 shows an example of a general multiple PPS 
ring configuration; 

FIG. 2 is a diagram for use in explanation of 
signal protection by path switching in a general PPS 
ring; 

FIG. 3 is a block diagram of a signal protection 
arrangement according to a first embodiment of the 
present invention; 

FIG. 4 shows a network system which has a signal 
protection arrangement according to a second embodiment 
of the present invention built in; 

FIG. 5 is a block diagram of the signal protection 
arrangement of FIG. 4; 

FIG. 6 is a diagram for use in explanation of 
mapping DSl information of the VT format in the network 
system of FIG. 4; and 

FIG. 7 is a diagram for use in explanation of the 
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VT format in the network system of FIG- 4. 

DETAILED DESCRIPTION OF THE PREFE RRED EMBODIMENTS 
< First Embodiment > 

In FIG. 3 there is shown a signal protection 
arrangement according to a first embodiment of the 
present invention. The signal protection arrangement 
according to the present invention is arranged to, in 
the event that a failure occurs in a network in which 
SONET PPS rings are interconnected with interfaces at a 
lower level than the SONET level, detect an AIS (Alarm 
Indication Signal), LOS (Loss of Signal) or LOF (Loss of 
Frame) of a low-level interface at an input section for 
low-level interface signals to the SONET ring, convert 
it. to a SONET level AIS, and triggers PPS ring path 
switching, thereby protecting signals against the 
network failure. 

The signal protection arrangement of FIG. 3, which 
is positioned at each of ADMs (ADD-Drop Multiplexers) 
forming serving nodes for connecting the PPS rings 
together, comprises a failure detector 31, an AIS 
generator 32, and a signal converter 33. 

The failure detector 31 is connected to receive 
signals from an interface at a lower level than the 
SONET level, e.g., DSn interface, and detects a failure 
in that interface, such as a line cut or loss of signals 
(e.g., AIS, LOS, or LOF). Upon detecting such a 
failure, the detector sends a failure detect signal to 
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the AIS generator 32. 

Upon receipt of the detect signal, the AIS 
generator 32 generates a SONET-level (e.g., STS level or 
VT level) AIS and applies it to the signal converter 33. 

The signal converter 33 converts a low- level signal 
from the low- level interface to a SONET-level signal - 
When receiving a SONET-level AIS from the AIS generator 
32, the signal converter inserts it onto the converted 
signal for application to the SONET PPS ring ADMs. 

This arrangement is positioned in that portion of 
each of the ADMs forming serving nodes which connect the 
PPS rings with low-level interfaces which applies 
signals from the corresponding low-level interface to 
the corresponding ADM. Upon receipt of such a signal, 
the ADM triggers path switching, thereby protecting the 
PPS rings and signals against a failure. 

The signal protection arrangement is installed in 
each of the interface -connected ADMs forming the serving 
nodes. Typically, the serving nodes form in pairs a PPS 
ring connection. 

More specifically, when the low-level interface is 
DSl, a VT Path AIS is generated based on a DSl signal 
failure (AIS, LOS or LOF). When the low-level interface 
is DS2, a VT Path AIS is generated based on a DS2 signal 
failure. And, when the low-level interface is DS3, an 
STS Path AIS is generated based on a DS3 signal failure- 
Thus, by generating and adding a SONET-level AIS, 
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i.e., a VT Path AIS (in the case of a DSl or DS2 signal) 
or an STS Path AIS (in the case of a DS3 signal), in the 
input section of low- level interface signals, the signal 
protection arrangement of FIG. 3 provides survivability 
5 of signals against a node failure or other failures. 
< Second Embodiment > 

Referring now to FIG. 4, there is shown a network 
system which has a signal protection arrangement 
according to a second embodiment of the present 
10 invention built in. 

This network system has first and second SONET- 
level PPS rings 51 and 52, which are interconnected with 
first and second serving nodes 53 and 54. 

The PPS ring 51 has ADMs 9, 10 and 11 which are 
15 identical to those of FIG- 1 and ADMs 55 and 57 to which 
the signal protection arrangement of the present 
invention is applied* The PPS ring 52 has ADMs 12, 13, 
14 and 15 which are identical to those of FIG, 1 and 
ADMs 56 and 58 to which the signal protection 
20 arrangement of the present invention is applied - 

The serving node 53 comprises the ADMs 55 and 56, 
whereas the serving node 54 comprises the ADMs 57 and 
58. The serving nodes 53 and 54 interconnect the SONET- 
level PPS rings 51 and 52 with DSl interfaces by way of 
25 example. In the DSl signal input section of each of the 
ADMs 55, 56, 57 and 58 in the serving nodes 53 and 54 
there is installed a signal protection circuit which 
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detects a DSl signal failure to generate a SONET-level 
VT Path AIS, and inserts it onto signals. 

The signal protection arrangement used in the 
network system of FIG. 3 is constructed as shown in 
5 FIG. 5, which is a more specific arrangement of the 
signal protection arrangement shown in FIG. 3. 

The signal protection arrangement of FIG. 5 
comprises a failure detector 61, an AIS generator 62, 
and a signal converter 63. The signal converter 63 
10 comprises a decoder 64, a memory 65, and a multiplexer 
66. 

The failure detector 61 detects a break in a DSl 
signal path or other path failures on the basis of AIS, 
LOS or LOF generated in the DSl signal path. The AIS 
15 generator 62 is responsive to the detection of a DSl 

failure by the failure detector 61 to generate a SONET- 
level VT Path AIS, for example. 

The signal converter 63 converts DSl level signals 
to SONET VT path levels. That is, the decoder 64 
20 converts various DSl codes to VT pat:h codes. The memory 
65 temporarily holds a DSl signal output from the 
decoder 64, serving as a buffer for speed conversion to 
VT path signals. The multiplexer 66 multiplexes a VT 
path AIS generated by the AIS generator 62 with data 
25 read from the memory 65. The decoder 64 writes data 
into the memory 65 synchronously with a write clock 
WCLK, and the multiplexer 66 reads data from the memory 
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65 synchronously with a read clock RCLK. 

Here, VT-mode (floating VT mode) mapping of DSl 
mode information will be described mainly in connection 
with AIS. 

Reference is made to FIGs. 6 and 7 to describe how 
DSl pay load is mapped into a VT path frame. 

In order to transmit a DSl signal via a VT path, 
the DSl format must be mapped on a VT path. FIG. 6 
shows an example of asynchronous mapping of a DSl signal 
into a VT SPE (Synchronous Payload Envelope) format. 

The VT SPE format of FIG. 6 into which DSl payload 
is mapped consists of 26 bytes x 4 « 104 bytes. Of the 
first 26 bytes, the first byte is VT path overhead (POH) 
V5 and the second byte consists of 6 fixed-stuff bits 
a bit of information I, and a bit of fixed stuff 
followed by 24 bytes (192 bits) of information I. The 
second and third 26 bytes are identical to each other, 
their first byte consisting of 8 fixed-stuff bits R and 
their next byte consisting of 2 stuff -control bits q 
and Cj, 4 bits of overhead O, a bit of information 1, 
and a fixed-stuff bit R, followed by 24 bytes of 
information I. Of the last 26 bytes, the first byte 
consists of 8 fixed- stuff bits R, and the next byte 
consists of 2 stuff control bits and Cj, 3 fixed- 
stuff bits R, 2 stuff opportunity bits S^ and Sj, and a 
fixed-Stuff bit R, followed by 24 bytes of information 
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Such a VT SPE is mapped into the floating VT 1.5 
format as shown in FIG. 7. 

In FIG. 7, 26-byte blocks in the VT SPE shown in 
FIG. 6 are respectively incorporated into 26 VT bytes 2 
5 to 27 in blocks corresponding to VT pointer 1 (VI), VT 
pointer 2 (V2), VT pointer 3 (V3) and VT-reserved area 
V4 of the floating VT 1-5 format. The VT pointer 1 
(Vl), VT pointer 2 (V2), VT pointer 3 (V3) and VT- 
reserved area V4 each require one byte, which is placed 
10 into the corresponding VT byte 1. 

In this format, in the case of DSl level AIS by way 
of example, all Is in FIG. 6, i.e., the seventh bit of 
the second byte in each of the first, second and third 
26-byte blocks and the third through twenty-sixth bytes 
15 (24 bytes in total) in each of 26-byte blocks, are set 
to ones. In contrast, in the case of VT 1.5 AIS, VT 
bytes 1 through 27 in each of blocks for VT pointer IVl, 
VT pointer 2V2, VT pointer 3V3 and VT-reserved area V4, 
i.e., 108 bytes in total, are all set to ones. 
20 Thus, the signal converter 63 places DSl signals 

into VT payload and converts them into such VT path 
signals as shown in FIG. 7 by the use of the decoder 64, 
memory 65, and multiplexer 66. In this state, however. 
Is of FIG. 6 are merely set to ones even if a DSl-level 
25 AIS is originated. This AIS is not recognized on the VT 
paths and hence no path switching is performed; thus 
signals cannot be protected. Thus, the failure detector 
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61 detects the DSl-level AIS and causes the AIS 
generator 62 to generate a VT path AIS, i.e., a signal 
which sets 108 bytes in the VT format shown in FIG. 7 to 
all ones. This signal is inserted into the VT format by 
the multiplexer 66, so that the 108 bytes are set to all 
ones. 

In this way, the DSl- level AIS is converted to the 
VT-level AIS, which, in turn, is transferred to the ADMs 
constructing the SONET-level PPS ring. 

Upon receipt of the AIS in a VT path signal, each 
of the ADMs performs path switching, thereby providing 
survivability of signals. 

Thus, in the event of the loss of a DSl signal due 
to a cable cut in the first serving node 53, for 
example, in FIG- 4, the PPS ring protection mechanism is 
activated properly, maintaining signal transmissions 
between the PPS rings. 

Even when a DSl-level AIS is generated by dual 
failure not by cable cuts in the serving nodes 53 and 
54, it can be detected by the failure detector 61, 
thereby permitting the same processing as above to be 
performed - 

The above description was made taking the use of 
DSl as a signal at a lower level than the SONET level by 
way of example. For DS2, the same signal protection 
arrangement as above can be used for survivability of 
signals. For DS3, the AIS generator 62 is simply 
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required to generate an STS path AIS in place of a VT- 
level AIS. 

In summary, it is only required that, in the signal 
input section for the SONET level, a SONET- level AIS be 
5 generated based on the detection of the loss of lower 
level signals. 

It is apparent that, in this invention, a wide 
range of different working modes can be formed based on 
the invention without deviating from the spirit and 
10 scope of the invention. 
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What is claimed is: 

1. For use with a network in which SONET path 
protection switching (PPS) rings are interconnected with 
interfaces at a low level than the SONET level, a signal 
5 protection method for protecting signals in the event of 
a network failure comprising the steps of: 

detecting an interface failure at an input section 
for low-level signals to the SONET ring; 

converting a signal to a SONET-level alarm 
10 indication signal in response to the detection of the 
interface failure; 

transmitting said alarm indication signal to the 
SONET-level PPS ring; and 

triggering path switching. 
15 2. For use with a network in which SONET path 

protection switching (PPS) rings are interconnected with 
first and second serving nodes consisting of interfaces 
at a low level than the SONET level, a signal protection 
method for protecting signals in the event of a network 
20 failure comprising the steps of: 

detecting an interface failure at input sections 
for low-level signals to the SONET ring in said first 
and second serving nodes; 

converting a signal to a SONET-level alarm 
25 indication signal (AIS) in response to the detection of 
the interface failure; 
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transmitting said alarm indication signal to the 
SONET -level PPS ring; and 

triggering path switching. 

3. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DSl signal AIS, and said alarm indication signal is 
a VT path AIS. 

4. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DSl signal LOS, and said alarm indication signal is 
a VT path AIS. 

5- The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DSl signal LOF, and said alarm indication signal is 
a VT path AIS. 

6. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is DSl signal AIS, LOS and LOF, and said alarm 
indication signal is a VT path AIS. 

7. The' method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DS2 signal AIS, and said alarm indication signal is 
a VT path AIS. 

8. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DS2 signal LOS, and said alarm indication signal is 
a VT path AIS. 
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9. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DS2 signal LOF, and said alarm indication signal is 
a VT path AIS, 

10. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is DS2 signal AIS, LOS, and LOF, and said alarm 
indication signal is a VT path AIS. 

11. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DS3 signal AIS, and said alarm indication signal is 
an STS path AIS. 

12. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DS3 signal LOS, and said alarm indication signal is 
an STS path AIS. 

13. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is a DS3 signal LOF, and said alarm indication signal is 
an STS path AIS. 

14. The method according to claim 2, wherein said 
interface failure in said first and second serving nodes 
is DS3 signal AIS, LOS, and LOF, and said alarm 
indication signal is an STS path AIS. 

15. A network system comprising: 
multiple SONET PPS rings; 

serving node means for interconnecting said PPS 
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rings with interfaces at a lower level than SONET; 

failure detecting means placed at an input section 
for low-level signals to the SONET rings in said serving 
node means for detecting an interface failure; and 
5 alarm generating means, placed in said serving node 

means, for generating a SONET level alarm indication 
signal to said PPS rings in response to the detection of 
an interface failure by said failure detecting means. 
16. A network system comprising: 
10 multiple SONET PPS rings; 

first and second serving nodes for interconnecting 
said PPS rings with interfaces at a lower level than the 
SONET level; 

failure detecting means placed at an input section 
15 for low-level signals to the SONET rings in each of said 
first and second serving nodes for detecting an 
interface failure; and 

alarm generating means, placed in each of said 
first and second serving nodes, for generating a SONET 
20 level alarm indication signal to said PPS rings in 

response to the detection of an interface failure by 
said failure detecting means. 

17. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
25 nodes for interconnecting PPS rings with DSl interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect a DSl signal 
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AIS as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate a VT path AIS as an alarm indication signal. 

18. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DSl interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect a DSl signal 
LOS as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate a VT path AIS as an alarm indication signal. 

19. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DSl interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect a DSl signal 
LOF as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate a VT path AIS as an alarm indication signal - 

20. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DSl interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect AIS, LOS and 
LOF of a DSl signal as a failure, and said alarm 
generating means in each of said first and second 
serving nodes is adapted to generate a VT path AIS as an 
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alarm indication signal* 

21. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DS2 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect a DS2 signal 
AIS as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate a VT path AIS as an alarm indication signal. 

22. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DS2 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect LOS of a DS2 
signal as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate a VT path AIS as an alarm indication signal. 

23. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DS2 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect LOF of a DSl 
signal as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate a VT path AIS as an alarm indication signal. 

24. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
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nodes for interconnecting PPS rings with DS2 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect AIS, LOS and 
LOF of a DSl signal as a failure, and said alarm 
5 generating means in each of said first and second 

serving nodes is adapted to generate a VT path AIS as an 
alarm indication signal. 

25. The network system according to claim 16, 
wherein said first and second serving nodes are serving 

10 nodes for interconnecting PPS rings with DS3 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect a DS3 signal 
AIS as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 

15 to generate an STS path AIS as an alarm indication 
signal. ^ 

26. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
nodes for interconnecting PPS rings with DS3 interfaces, 

20 said failure detecting means in each of said first and 
second serving nodes is adapted to detect a DSl signal 
LOS as a failure, and said alarm generating means in 
each of said first and second serving nodes is adapted 
to generate an STS path AIS as an alarm indication 

25 signal. 

27. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
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nodes for interconnecting PPS rings with DS3 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect LOS of a DSl 
signal as a failure, and said alarm generating means in 
5 each of said first and second serving nodes is adapted 
to generate an STS path AIS as an alarm indication 
signal . 

28. The network system according to claim 16, 
wherein said first and second serving nodes are serving 
10 nodes for interconnecting PPS rings with DS3 interfaces, 
said failure detecting means in each of said first and 
second serving nodes is adapted to detect AIS, LOS and 
LOF of a DSl signal as a failure, and said alarm 
generating means in each of said first and second 
15 serving nodes is adapted to generate an STS path AIS as 
an alarm indication signal. 

29. A signal protection method, for use with a network 
in which SONET path protection switching (PPS) rings are inter- 
connected with interfaces at a lower level than the SONET level, 
substantially as hereinbefore described with reference tio 
Figures 3 to 7 of the acconpanying drawings. 

30- Network traffic protection apparatus substantially 
as hereinbefore described with reference to Figures 3 to 7 
of the acccxnoanying drawings. 
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